New tetradentate Schiff base transition metal complexes have been derived from salicylidene-4-imino-2,3-dimethyl-1-phenyl-3-pyrazolin-5-one and histidine were characterized by CHN analysis, magnetic susceptibility measurements, molar conductance, FAB-MS, IR, 
Introduction
Schiff base and its metal complexes derived from 4-aminoantipyrine are essential because of their important applications in biochemical, biological, catalytical, analytical and industrial field. Besides, tetradentate Schiff base metal complexes composed of (N 2 O 2 ) donor atoms are crucial chelating ligands for scheming catalytically and medicinally useful metal chelates [1, 2, 3, 4, 5, 6] . Amino acids and its derivatives can have some extent ligand due to their good solubility properties and biological transports. Among amino acids, histidine is very significant bioactive amino acid with plentiful physiological functions and the tendency to take on interaction with proteins [7, 8, 9, 10] . They can probably to form Schiff bases at beyond their isoelectric point with 4-aminoantipyrine derivatives. The ensuing product acts as polydentate ligands and readily forms complexes with metal ion. Schiff base complexes with imines have deserved much attention, probably because of their ability to intercalate between the bases of DNA and to participate in catalytic cycles with usual reducing and oxidizing agents in biological medium and Cu(II) is also involved in the causation and cure of cancer [11, 12, 13, 14, 15, 16] . This prompted us to synthesize a new series of heterocyclic compounds containing the antipyrinyl moiety from the Schiff bases derived from the condensation of Salicylidene-4-iminoantipyrine and Histidine [17, 18, 19, 20, 21, 22, 23, 24, 25, 26] . In this paper, we report the synthesize, structural characterization, CT-DNA interaction and biological screening investigation of copper, nickel, cobalt, oxovanadium and zinc complexes with Schiff base prepared by Salicylidene-4-iminoantipyrine and Histidine.
Experimental

Material and methods
4-aminoantipyrine, Salicylaldehyde, Histidine and all metal chloride salts were procured from Merck (Darmstadt, Germany). Solvents used for electrochemical and spectroscopic studies have been purified by standard [27] procedures. Himedia chemicals were used as such for antimicrobial studies. CT-DNA was purchased from Genei Bangalore (India). Ethidium bromide (EB) and Agarose (molecular biology grade) were obtained from Sigma-Aldrich (St. Louis, Missouri, USA). Tris (hydroxymethyl)aminomethane hydrochloride (Tris-HCl) buffer solution was prepared using deionized and distilled water.
Instrumentation techniques
Elementar Vario EL III Carlo Erba 1108 analyzer is used to carried out elemental analysis (C, H and N) and Mass Spectrometers Jeol SX-102 (FAB) in a 3-nitrobenzylalcohol matrix for determination of molecular weight by Fast atomic bombardment mass spectra (FAB-MS). X-band ESR spectra of the [CuL] and [VO(IV)L] complexes in dimethyl sulphoxide solution at 77 K were recorded on a JEOL 47 series ESR spectrometer. 1 H-NMR spectra of the Schiff base and its [ZnL] complex were recorded on a Bruker Advance DRX 300 FTNMR spectrometer using deutrated chloroform solvent (TMS-standard). AFM was recorded in Bharathidasan University, Trichy. Cyclic voltammogram and Powder XRD patterns (XPERT-PRO) were recorded at Alagappa University, Karaikudi. CHI 620C electrochemical analyzer was used for electrochemical measurements. It has three electrode systems; Hg/Hg 2 Cl 2 as reference electrode, glassy carbon electrode as working electrode and platinum wire as auxiliary electrode. Tetrabutyl ammonium perchlorate was used as supporting electrolyte. The solutions were deoxygenated by purging with N 2 prior to measurements. Molar conductance of the metal chelates (10 À3 M) was measured at 25 C using Model-601 Deepvision digital conductivity meter. Magnetic susceptibility measurements of metal chelates were carried out by employing Gouy balance at 25 C CuSO 4 .5H 2 O was used as calibrant.
Thin layer chromatography is used to check the purity of Schiff base and its complexes [28] .
Synthesis of Schiff base
An ethanolic solution (40 mL) of 3.14 g Salicylidene-4-iminoantipyrine (10 mmol) and 1.55 g Histidine (10 mmol) was refluxed on water bath for about 12 h in the presence of 1 mL piperidine. The resulting solution was concentrated by keeping the mixture under water bath. On cooling, the solid product formed was filtered and recrystallized in methanol.
Synthesis of Schiff base metal complexes
Schiff base (2.565g, 5 mmol) and Metal chloride salts (5 mmol) was dissolved in 50 mL of ethanol and the mixture was boiled under reflux for about 6 h. The solvents were reducing to one third by evaporation on a water bath. The resultant concentrated solution was stirred with 10 mL of petroleum ether C range). The precipitated complexes formed were separated by filtration, washed with ethanol and petroleum ether. Finally, the complexes were recrystallized in CHCl 3 and dried in vacuo.
Antimicrobial assay
In-vitro antimicrobial activities of the
[VOL] complexes were tested against two Gram-positive (Staphylococcus aureus and Bacillus subtilis) and three Gram-negative (Escherichia coli, Klebsiella pneumoniae and Salmonella typhi) bacterial and antifungal activity against Aspergillus flavus, Aspergillus niger, Candida albicans, Rhizoctonia bataicola and Rhizopus stolonifer by disc diffusion method using nutrient agar for bacteria and potato dextrose agar for fungi as medium respectively. The stock solutions (10 À2 mol L
À1
) were prepared by dissolving the compounds in dimethyl formamide and the solutions were serially diluted in order to find the Minimum Inhibitory Concentration (MIC) values. In a usual procedure, a disc made on the agar medium which is previously inoculated with microorganisms [29] . The prepared compounds were tested against some fungi (72 h) and bacteria (48 h ) to provide the minimum inhibitory concentration (MIC) for each compound. During this period, the test solutions were diffused and growth of inoculated microorganisms was affected. The inhibition zone was developed at which the concentration was noted. Nystatin and Tetracycline were used as standard control drugs for fungi and bacteria respectively.
CT-DNA interaction studies
The solutions of CT-DNA in Tris-HCl and NaCl buffer (pH ¼ 7.3) in water with a ratio 1.9 of A260/A280 UV absorbance, signifying that the DNA was suitably liberated from protein. For 25 cycles sonicated, concentrated stock DNA solutions prepared in buffer and 30 s each cycle consistence with minute intervals. The CT-DNA concentration was measured by its molar extinction coefficient at 260 nm after required dilutions. DNA stock solutions were stored at 4 C and used within a day
[CuL] complexes/CT-DNA was prepared by dissolving in alcohol and diluted with buffer solution to the requisite concentration for all the desired experiments. For absorption spectra and cyclic voltammogram experiments, the DNA solutions were pretreated with the solution of the complex to ensure no change in their concentration [30, 31, 32, 33, 34] .
2.6.1. UV-Visible spectral studies UV-Visible spectra were collected by adding specific amount of [CuL] complex solution in various concentration of CT-DNA solution. The absorbances were measured after the baseline correction by Tris-HCl buffer solution, then the successive addition of CT-DNA pretreated with the complex.
Cyclic voltammetric studies
In CV studies, the glassy carbon electrode was modified by adding a droplet of 2μL of 5Â10 À3 M of CT-DNA on the electrode surface and dried. Then the electrode was rinsed with distilled water. Pt wire as auxiliary electrode, Ag/AgCl as standard electrode and a CT-DNA modified glassy carbon electrode was used as a working electrode. A known concentration of freshly prepared complex solution was used to record and compared with CV of CT-DNA and [CuL] complex.
Results and discussion
Physical characterization, analytical, magnetic susceptibility data and magnetic moment values of Schiff base and its complexes were given in Table 1 . The synthetic pathway for the compounds is shown in Schemes 1 and 2.
The analytical data of metal complexes correspond well with the general formula [ML] , where L ¼ C 24 H 24 N 6 O 3 ; M ¼ Co(II), Ni(II), Cu(II), Zn(II) and VO(IV). The paramagnetic nature of the metal complexes was confirmed from their magnetic susceptibility data. The lower conductance of the complexes supports their non-electrolytic natures [35] .
Mass spectra
FAB-Mass spectra was evidently obtained for Schiff base (C 24 H 24 N 6 O 3 ) and showed a molecular ion peak of at m/z 511, as expected for a monomeric formulation of the respective ring. Moreover [CuC 24 H 22 N 6 O 3 ] complex which exhibited a molecular ion peak at m/z 573, which confirms the expected stoichiometric composition of the formation of complex as [ML] . Elemental analyses values (Table 1 ) are in completely close agreement with the calculated values from molecular formulae assigned to these complexes which are further supported by FAB-Mass spectra of other complexes. The peak intensity of Schiff base at 13.5218 region is reduced in all chelates also supports the above actuality. Broaden peaks in all complexes confirms that the quantum confinement of Schiff base in chelates due to the attachment of donor atoms to metal ions. The average crystallite size (d XRD ) of the complexes was calculated using Scherrer's formula [36] [37, 38] . From the correlation of XRD spectra, the observed average crystalline size of Schiff base is somewhat higher than metal complexes and these reduced average crystalline sizes of metal complexes leads to better antibacterial activities than Schiff base [39] .
Morphological study
Atomic Force Microscopy (AFM) images for Schiff base and its complexes represented in Fig. 2 (a) -(d) . The scanning area (surface roughness) in both nano meter and micro meter scale was taken and recorded for Schiff base and metal complexes. At the left side of each image, an intensity scale is shown that indicating the height and depth along the zaxis. In Fig. 2a , all the AFM images showed well defined sized spherical particles [40] . Obviously, by the introducing metal in Schiff base [CuL] complex has modified surfaces to uniform sized smooth spherical shape as indicated in Fig. 2(b) .
The [NiL] complex (Fig. 2(c) ) indicated that the surface which was more uniform in small spherical grains. Fig. 2 The surface quality of Schiff base could be enhanced by the incorporated metal complexes. This is possibly due to the fact that the metal complexes plays a vital role through the formation of Schiff base which makes it have more uniform and smooth surfaces.
IR spectra
IR spectrum of Schiff base shows a weak broad band at 3500-3100 cm À1 region which is assigned to hydrogen bonded phenolic -OH group of salicylaldehyde and -COOH group of histidine moiety. The absence of bands revealed that the deprotonation when chelation. The cyclic -NHgroup of histidine moiety present in ligand system and a weak node due to merging of -OH groups appeared a new strong band at 3090 cm À1 in all metal complexes. It confers the free groups and is not involved in ligand coordination with metal ion. -C¼N groups of the Schiff base, the strong bands at 1615 -1600 cm À1 regions. The appearance of band at 1591 -1512 cm À1 region indicates azomethine nitrogen coordinated to the metal. These lower frequencies in all metal complexes have possible drift of lone pair electron density towards the metal ion [41] . Besides, the peak appeared at 1630 cm ESR spectra of [VOL] complex are recorded in DMSO solution at RT and LNT (Fig. 3c & d) (Fig. 4) . The fluorescence emission peak for Schiff base (Fig. 4a) is somewhat broaden peak at 559 nm due to INCT transitions. The sharp fluorescence emission peak of [CuL] (Fig. 4b) and [ZnL] (Fig. 4c) were observed at 553 and 556 nm. It was concluded that the emission peaks were slightly shifted to lower wavelength (red shift) region for coordination of transition metal ions with ligand. These INCT bands of metal chelates are due to energy transfer between the HOMO (π, bonding) and LUMO (π*, antibonding) of the Schiff base in metal environment [50] . Sharp peaks with lower intensity for metal chelate reveal that the complexes have reduction in particle size upto nano scale.
UV-Visible and CV analysis for DNA interactions
The Calf Thymus-DNA interactions of synthesized compounds were evaluated by spectrophotometric titration in the presence of Tris-HCl buffer (pH ¼ 7.3) (Fig. 5 ). Complex interacts with CT-DNA via intercalation mode which results the change in absorption intensity and peak position due to INCT bands at 261, 311 and 382 nm. In Schiff base, appearance of an isosbestic point at 295 nm is due to -OH group and it ensures the existence of its tautomeric forms with same value of molar absorptivity coefficient. The concentration of Calf Thymus-DNA increases while keeping concentration of synthesized compound which shows that exhibits their hypochromism [51] . It suggests that the interaction between Calf Thymus-DNA and synthesized compounds occurs due to the presence of hydrophobic groups in the Schiff base derivatives which also induce the hydrophobic interaction between Calf Thymus-DNA and complexes. The observed binding affinity (K b ) of Schiff base (1.31 Â 10 2 ) has been lower than the synthesized complex (1.71 Â 10 3 ). CV spectra of [CuL] complex were recorded at 300 K in presence and absences of CT-DNA at Tris-HCl buffer (pH 7.3) which shown in (Fig. 6a) .
In cathodic region, it shows a direct reduction peak at Ep c ¼ 0.60 V for Cu(II) → Cu(I) region. Oxidation peak was observed at Ep a ¼ 0.37 V for Cu(I) → Cu(II) region in anodic side. The strong stripping peak at Ep a ¼ -0.79 V is due to the oxidation of -C¼N group in the Schiff base. This pattern was totally altered by the Calf Thymus-DNA interaction with metal ion. Decrease in intensity and increase in electrode potential of oxidation peak at Ep a ¼ -0.79 V region, reveals that CT-DNA also interact with azomethine nitrogen atom of Schiff base. CV spectra of [VO(IV)L] complex were recorded at 300 K in presence and absence of CT-DNA in Tris-HCl buffer (pH 7.3) is shown in (Fig. 6b) . It shows two reduction peaks at Ep c ¼ -1.18 V for VO(II) → VO(I) and Ep c ¼ 0.047 V for VO(I) → VO(0) in cathodic region. At anodic side, direct oxidation peak was observed at Ep a ¼ -0.68 V for VO(0) → VO(II)] region which reveals that the CV spectral pattern was totally altered by CT-DNA due to strong binding with [VOL] complex. The strong stripping peak at Ep a ¼ -1.31 V is due to the oxidation of -C¼N group in the Schiff base for this complex. The decrease in intensity and increase in peak potential of oxidation peak at Ep a ¼ -1.31 V region reveals that CT-DNA also interact with 
Antimicrobial assays
Metal complexes with biological active Schiff base are a major research contract for the scientific efforts in the search of new metal based drugs, but some work is available on the bactericidal properties of metallic derivatives of amino acids in the literature [52] . Especially, metallic derivatives of amino acids containing N-heterocyclic bonded to the α-carbon should be studied in more detail because of the well-known role of the histidine residue binding properties. Also, it is important to study the histidine binding properties to synthesized compounds in order to provide proper evidence for essential mechanisms of biological activities. To facilitate extensive study about biological properties of synthesized compounds are discussed. An in-vitro antimicrobial activity results of the Schiff base metal complexes was tested against two Gram-positive (Staphylococcus aureus and Bacillus subtilis) and three Gram-negative (Escherichia coli, Salmonella typhi and Klebsiella pneumoniae) bacterial strains and for an in-vitro antifungal activity against Aspergillus flavus, Candida albicans, Rhizoctonia bataicola, Rhizopus stolonifer and Aspergillus niger by disc diffusion method.
The minimum inhibitory concentration (MIC) value for Schiff base metal complexes are given in Tables 2 and 3 . Schiff base and its complexes show that the metals exhibited higher antimicrobial activity than the Schiff base on comparison. From MIC values, it was found that [CuL] and [VO(IV)L] were somewhat more potent among other synthesized Schiff base metal complexes. By Overtone's concept and Tweedy's chelation theory [53, 54] , such results of increased activity for the metal complexes have explained by the various researchers using different microorganisms. The lipid membrane that surrounds the cell positive discrimination route only the lipid-soluble resources due to which liposolubility nature is a significant factor which controls the antifungal activity results by cell permeability of overtone's theory. The metal ion polarity has reduced to a larger coverage due to overlap of the orbital (Schiff base) and partial sharing of positive charge of the metal ion with donor groups on chelating effects.
Also, it increases π-electron delocalization over the intact chelate rings and as good lipophilicity of the metal complexes (Table 3 ). This well advanced penetration of all the metal complexes into lipid membranes and blocking of metal binding sites in the enzymes of microorganisms attained by such kinds of increasing lipophilicity [55, 56] .
Conclusion
The neutral new tetradentate Schiff base metal complexes have prepared from the condensation of salicylidene-4-aminoantipyrine and histidine. The structural characteristic of the metal chelates have been confirmed by Analytical data, FAB-MS, 1 H-NMR, IR, UV, ESR, CV, Fluorescence spectra, Powder XRD data and AFM techniques. From analytical data, metal complexes correspond well with the general formula [ML] . Low molar conductance value of the metal chelates supports their neutral nature. UV-Vis., spectra evidences showed that the metal complexes are square planar geometry except [VOL] which shows square pyramidal geometry. Powder XRD data and AFM images endure that the metal complexes are nano-size grains with polycrystalline structure and the metal ions are occupying the centre position of the Schiff base. The FAB-MS of the Schiff base and metal complexes confirm the proposed stoichiometry of metal complexes. A. Kulandaisamy: Conceived and designed the experiments; Wrote the paper.
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